METHOD FOR GENERATING OPTICAL ANISOTROPY IN SCINTILLATORS 

USING PULSED LASERS 

Technical Field 

[0001] The present invention relates generally to a method of producing optical 

anisotropy in scintillator materials, and more particularly, to a method of producing optical 
anisotropy in scintillator elements for use in medical imaging. 

Background of the Invention 

[0002] Medical imaging utilizes scintillators for translating gamma rays or x-rays 

into optical photons. The scintillators are commonly coupled to photodetectors such that 
the resultant optical photons can be translated into electric current. In this fashion gamma- 
rays and x-rays may be detected and utilized in applications such as positron emission 
tomography (PET), computed tomography (CT), single photon emission computed 
tomography (SPECT), and x-ray imaging. In these applications, the location of the 
interaction of the gamma ray or x-ray is determined by the response of the photodetector 
to the optical photons. 

[0003] The characteristics and performance of the scintillator, therefore can play a 

significant role in the imaging performance. The scintillator thickness, for example, must 
often be increased in order to stop the incoming gamma rays or x-rays with the required 
efficiency. As the thickness increases, however, the spreading of emitted optical photons 
within can degrade the spatial resolution of the detector. In order to preserve the spatial 
information contained in the optical photons, it is desirable to have a scintillator that is 
optically anisotropic so that the emitted photons are preferentially transported to the 
photodetector near the point in the scintillator where the gamma ray or x-ray interacted 
with the scintillator. In applications that rely on centroid detection to determine the 
position of the interaction, precise control of the optical anisoptropy is needed to preserve 
the spatial information. In addition, precise control is need to allow enough spreading of 
the signal such that it is shared amongst discrete detector element in such a way as to 
allow reliable centroid determination. Thus an improved method of controlling the 
spreading of optical photons within a scintillator would be highly desirable. 



[0004] Existing approaches to this control have addressed the problem by 

assembling scintillator packs or blocks from discrete elements, often separated by 
reflectors. Other approaches generate discrete elements by growing scintillator crystals 
with a fine needle-like structure. Assembling the scintillator blocks from these discrete 
elements, however, can be extremely time consuming, and relying on the growth of the 
needle-like scintillator crystals often does not allow for the precise control over optical 
properties using existing methods. 

[0005] In the case of PET scintillator blocks, a wide variety of surface treatments 

and reflector elements have been used to control the sharing of light between the discrete 
elements of the block. These treatments and applications further complicate construction. 
Another method has been to use a saw to make deep grooves into the scintillator in a grid 
pattern to provide optical isolation between different regions of the scintillator. Often 
such isolation is only partial. The saw cuts are often filled with a reflective material to 
improve the optical properties. This saw cut method has the disadvantage of generating 
relative large dead areas by removal of the scintillator material. 

[0006] It would, therefore, be highly desirable to have a method of manufacturing 

an anisotropic scintillator that provided precise control of optical photon spreading within 
the resultant scintillator. It would additionally be highly desirable to have a method of 
manufacturing an anisotropic scintillator that was cost effective, reliable, and did not 
generate unwanted dead space. 

Summary of the Invention 
[0007] A method of manufacturing an imaging component is provided comprising 

placing a focusing device in between a laser generator and a scintillator element; 
generating a laser using the laser generator; focusing the laser using the focusing device 
such that a focal spot of the laser is coincident with a portion of the isotropic portion; 
using the laser to alter the optical properties at the focal spot such that anisotropy is 
generated in the isotropic portion; and moving the focal spot relative to the scintillator 
element such that a three-dimensional pattern with altered optical properties is generated. 
The three-dimensional pattern controls the spread of photons within the scintillator 
element. 



[0008] Other features of the present invention will become apparent when viewed 

in light of the detailed description of the preferred embodiment when taken in conjunction 
with the attached drawings and appended claims. 

Brief Description of the Drawings 

[0009] FIGURE 1 is an illustration of a medical imaging system utilizing an 

imaging component in accordance with one embodiment of the present invention; 

[0010] FIGURE 2 is a detailed illustration of the imaging component as described 

in Figure 1; 

[0011] FIGURE 3 is a an illustration of the method of producing the imaging 

component as illustrated in Figure 2, the imaging component illustrated unprocessed; and 

[0012] FIGURE 4 is an illustration of the imaging component illustrated in Figure 

2, the imaging component illustrated partially processed. 

Description of the Preferred Embodiment(s) 

[0013] Referring now to Figure 1, which is an illustration of a medical imaging 

system 10 utilizing an imaging component 12 in accordance with the present invention. 
The medical imaging system 10 is illustrative and is intended to represent a wide variety 
of imaging systems such as computed tomography (CT), positron emission tomography 
(PET), single photon emission computed tomography (SPECT), and x-ray imaging. It 
should be understood that the medical imaging system 10 illustrated is indicative of a CT 
or x-ray system, but may not be an accurate representation of a PET or SPECT system. In 
these later systems, the patient is commonly injected with a biologically active radioactive 
tracer. The tracer is allowed to dwell in the patient for a time such that its distribution is 
determined by the biological function to be imaged. The radioactive decay of the tracer 
generates gamma rays that originate in the patient and can be detected by the imaging 
component 12. The illustrated medical imaging system 10 is therefore not intended as a 
limitation on the present invention. 

[0014] The medical imaging system 10 includes a ray generator 14 that produces 

imaging rays 16, such as x-rays or gamma rays. The imaging rays 16 are passed through 
an imaging object 18, such as a patient, and in doing so are imparted with information that 



can be utilized for medical imaging. In order to convert the imaging rays 16 into a usable 
form, the imaging system includes the imaging component 12 which is comprised of a 
scintillator assembly 20 in communication with a photo detector 22. The scintillator 
assembly 20 converts the imaging rays 16 into light photons and the photo detector 22 
converts those light photons into electrical currents that can be processed into medical 
images. 

[0015] Optically anisotropic scintillators are highly desirable for use in many 

medical imaging applications. The present invention generates just such desirable 
scintillators utilizing a unique methodology to generate an improved scintillator. As 
illustrated in Figure 3, the present invention generates such properties in a scintillator 
element 24 through the use of a laser generator 26 and a focusing device 28. It is 
contemplated that a wide variety of scintillator elements 24 may be utilized by the present 
invention. By way of example, glass scintillators, single crystal scintillators and ceramic 
elements are all contemplated choices. The scintillator element 24 illustrated in Figure 3 
illustrated in a pre-processed condition 30. In the pre-processed condition 30, the 
scintillator element 24 comprises an isotropic portion 32 wherein the optical properties are 
constant. Although in the illustrated figure the entire scintillator element 24 is illustrated 
as isotropic, it is contemplated that in alternate embodiments only a portion to be modified 
may be isotropic. 

[0016] The isotropic portion 32 is modified using the laser generator 26 and 

focusing device 28. The laser generator 26 is utilized to generate a laser 34. The laser 34, 
in turn, is focused using the focusing device 28 in order to generate a focal spot 36. The 
term focal spot 36 is intended to encompass focal volume as well. The laser 34 is utilized 
to alter the optical characteristics of the scintillator element 24 in the location of the focal 
spot 36. In this fashion, portions of the isotropic portion 32 are modified to be anisotropic. 
Through the use of a translation device 38 the position of the focal spot 36 relative to the 
scintillator element 24 may be moved such that a complex anisotropic portion 40 may be 
generated (see Figure 4). Although the translation device 38 is illustrated as modifying the 
position of the focal spot 36, it should be understood that the same effect can be 
accomplished through the relative movement of the scintillator element 24. A control 
device 42 in communication with the translation device 38 as well as the laser generator 
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26 and focusing device 28 can be further utilized to create complex three-dimensional 
patterns 44 (see Figure 2). The control device 42 also benefits by allowing consistent and 
reliable reproduction of scintillator elements 24. 

[0017] It is contemplated that a wide variety of optical properties maybe modified 

to generate the three-dimensional patterns 44 with anisotropic properties at the focal spot 
36. It is contemplated that these properties can include, but are not limited to, changing 
the crystal structure of a crystalline scintillator, creating local crystal domains of different 
orientation than the surrounding crystalline material in a single crystal, creating localized 
crystalline regions in otherwise non-crystalline materials (such as glass), generating micro- 
voids within the scintillator elements 24, changing the index of refraction at the focal spot 
36, changing the optical absorption at the focal spot 36, changing the photon scattering 
properties at the focal spot 36, or by otherwise damaging the scintillator element 24. 
Detailed descriptions on forming patterns within the bulk of transparent materials are 
contained in Dmitriev et al. (WO0032349 Al) and Troitski (US Patent US6333486 Bl) 
which are herein incorporated by reference. 

[0018] Although the laser generator 26 has thus far been described generally, it is 

contemplated that the laser generator 26 is preferably a pulse laser generator. Although 
nanosecond pulses may be utilized, the present invention is likely to benefit from 
extremely short pulses commonly referred to as "ultrafast" pulses. One example of these 
pulses are referred to as picosecond (<10ps) and femtosecond (10~ 15 s) lasers. The use of 
ultrafast pulses offers several advantages. The interaction mechanism between the focal 
spot 36 and the scintillator element 24 is generally a non-resonant, non-linear, multi- 
photon interaction. Due to the non-resonant interaction, the interaction process is nearly 
independent of the laser wavelength thereby allowing the same laser generator 26 to be 
utilized on a wide variety of materials. The non-linear nature of the interaction (the 
interaction strength does not depend linearly on the laser intensity, but instead increases as 
the intensity raised to a power) the interaction is strongest in a region smaller than the 
focal spot 36. With a multi-photon interaction the interaction tends to exhibit a threshold 
behavior. Below a certain threshold an interaction does not occur. By exceeding the 
threshold the interaction suddenly turns on. When utilizing tightly focused beams, the 
threshold is exceeded only in the center of the focal volume 36 to provide tight control. 
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By combining non-linear features with multi-photon interaction can result in features 
smaller than the focal spot 36 of the laser 34. Thus the use of ultrafast lasers can form 
features smaller than those generated by longer pulsed lasers. 

[0019] The quick interaction produced by ultrafast lasers can create changes in 

optical properties in small regions without transferring significant heat to the surrounding 
material. In the example of using abalation to generate micro-voids, excessive heat 
transfer can result in the creation of cracks or other damage. Ultrafast pulses can cause 
abalation, however, by direct transition from solid to plasma which results in relatively 
little heating of the surrounding material. Patterning with ultrafast pulses can therefore 
create complex patterns with repeatable result. In one example the three-dimensional 
pattern 44 is illustrated in Figure 2. The pattern is comprised of a plurality of first parallel 
planes 46 formed in the scintillator element 24. A plurality of second parallel planes 48 
are formed perpendicular to the plurality of first parallel planes 46. In this pattern, a 
plurality of grid channels 50 in the scintillator element 24. These grid channels 50 can be 
utilized to guide optical photons to the photodetector 22. 

[0020] While particular embodiments of the invention have been shown and 

described, numerous variations and alternative embodiments will occur to those skilled in 
the art. Accordingly, it is intended that the invention be limited only in terms of the 
appended claims. 
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